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More than 7 years have elapsed since
Wilkinson (1) first described contact photo-
dermatitis due to tetracblorosalicylanilide, an
antimicrobial agent incorporated into house-
hold soap. Over two-hundred cases of photo-
sensitivity to halogenated salicylanilides and
related compounds have been reported in the
literature since then. It remains conjectural,
however, what fraction of the total incidence
these reported cases represent. The extent of
the problem is quite evident from the fact that
cases have been reported from areas widely
spread over three continents (2—5).
Previous studies in guinea pigs have shown
the feasibility of deliberate induction of allergic
contact photosensitivity to 3,3',4',5 tetra-
chlorosalicylanilide (TCSA) (6, 7), and 3,4',S
tribromosalicylanilide (TBS) (7). The pattern
of cross-reactivity in both allergic contact and
photocontact sensitivity in guinea pigs was
similar to those observed in man (7—14).
The purpose of the work reported herein
was: (1) to study the photosensitizing po-
tential in guinea pigs of two other commonly
used antimicrobial agents, namely, hexachloro-
phene (HEX) and trichlorocarbanilide (TCC)
(2) to compare the photosensitizing potential
of HEX and TCC with that of TCSA and
TBS, and (3) to compare the photosensitivity
patterns induced in guinea pigs by various
antimicrobial agents with those observed in 58
patients (Fig. 1).
MATERIALS AND METHOD
The procedures previously described for the
induction of photosensitivity to TCSA and TBS
were followed as closely as possible in all attempts
to induce photosensitivity to HEX and TCC in
guinea pigs (7). These represented a modification
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of the techniques of Vinson and Borselli (6) for
induction of contact photosensitivity to TCSA.
Experimental animals. Hartley strain albino
guinea pigs weighing 350 to 400gm were used.
Induction of sensitization. The nuchal area of
guinea pigs was shaved and depilated (barium
chloride). A 2% solution of HEX in alcohol or
a 2% solution of TCC in acetone was topically
applied with a glass rod three times during a pe-
riod of seven days, the first application made 2 to
3 hours following depilation. Thirty minutes after
each topical application the nuchal area was ex-
posed successively to erythrogenic and non-eryth-
rogenic radiation as follows: (1) fluorescent Sun-
lamp tubes (Westinghouse); target skin distance:
25 cm; dose: 110 ergs/sq cm;t emission: 285 nm
to 350 nm (2) fluorescent Black Light tubes (West-
inghouse); target skin distance: 10 cm; dose:
3.108 ergs/sq cm; emission: 320 nm to 450 nm.
Tests for induced contact photosensitivity. These
were done 20 to 25 days following the last sensi-
tizing exposure. The shaved and depilated lumbar
area, which had received no previous exposure to
the photosensitizing substancet and light, received
a topical application of 0.1% or 1% HEX or 0.1%
or 1% TCC solution in ethanol; this was followed
20 to 30 minutes later by exposure to non-eryth-
ro genie radiation with a peak emission at 360 nm.
The light source used was fluorescent Black Light
tubes (Westinghouse), target skin distance: 10 cm;
dose: 940 ergs/sq cm; emission: 320 to 450 nm.
This radiation was passed through a pane of win-
dow glass 3 mm thick in order to insure that no
radiation below 320 urn reached the test sites.
Tests for photo-cross-reactivity were done using
1% solutions of TCC or HEX in absolute ethanol.
All tests were done in duplicate, one quadrant on
the back receiving the test substance plus non-.
erythrogenic radiation, the other quadrant receiv-
ing the test substance without exposure to light.
Reading of test results. The test sites were
examined for erythema 24 and 48 hours following
irradiation using a scoring system between zero
and four plus.
Controls for phototoxicity. Pilot studies in 38
guinea pigs with no previous exposure to these
t Energy rneasurements were obtained using an
Eppley thermopile (6661 :8-j unction bismith
silver thermopile) Eppley Laboratory, Inc., New-
port, R. I.
t Chemicals used in this study were obtained
from Dow Chemical and K&K Laboratories. Se-
lected samples were also obtarned through the
generosity of Armour Co. and Proctor & Garnble.
373
374 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE 1
Contact pholosensilivily 10 HEX (24 guinea pigs)
Type of sensitivity* No. of animals
OPS
CS
Cs&CPs
None
6
1
0
17
* CPS = contact photosensitive only; CS =
contact sensitive only; CS & CPS = contact and
photocontact sensitive but with greater contact
photosensitivity.
agents indicated that neither HEX nor TCC in
the concentrations and solvents used in these stud-
ies have any demonstrable phototoxic properties.
RE SULTS
Induction of HEX contact photosensitivity.
As rioted in Table 1, six of the 24 animals
that underwent the nuchal sensitizing ex-
posures to HEX plus light responded with
liminal but definite erythema when challenged
on the lumbar area 3 weeks later. These
erythematous responses were elicited with
HEX 1% solution and light (>320 nm). Posi-
tive reactions ranged from 1+ to 1.5+ ery-
thema with a mode of 1. None of the photo-
sensitized animals responded to a HEX 0.1%
solution and light (>320 nm). A seventh test
animal which responded equally (1+) to HEX
1% solution at the light-exposed and the un-
exposed sites was considered to be contact
sensitive rather than photocontact sensitive.
Seventeen of the guinea pigs which had under-
gone the induction procedure with HEX plus
light failed to show any evidence of contact or
photocontact sensitization. Twenty-three guinea
pigs served as controls and were exposed on
shaved, depilated backs to HEX 1% with and
without light (>320 nm) without preceding
nuchal sensitizing eposure. None showed any
reaction.
Contact and photocontact cross-sensitivity to
HEX in guinea pigs photo.scnsitized to TCISA.
The 9 guinea pigs most strongly photosensitized
to TCSA that were available from other experi-
ments (6) were tested for cross—sensitivity to
HEX. Their erythema response to a TCSA 1%
solution plus light (>320 nm) ranged from 1
to 2.5 with a mode of 2+. Four of these 9
animals were sufficiently sensitized to TCSA to
show a positive response also to TCSA 0.1%
solution* plus light (>320 nm). These 9 ani-
mals were challenged in the lumbar area with
HEX 1% solution with and without light (>
320 nm). Three animals showed a 1+ erythema
response equal in magnitude both at the light-
exposed and unexposed sites. This was in-
terpreted as denoting contact sensitivity rather
thaii coiitact photosensitivity (Table 2). A
fourth guinea pig responded with greater ery-
thema at the light (<320 nm) exposed site than
at the covered site and was considered to be
* Additional studies with other guinea pigs
photosensitized to TCSA have shown positive
photo tests to a 0.01% TCSA solution.
TCSA
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TABLE 2
Gross-contact and cross -photocontact sensitivity
tests with HEX and TGC in 9 guinea pigs
photosensitized 10 TGJSA
Type of sensitivity
No. of positive reactions
HEX TCC
0 0
3 0
1 0
CPs
CS
CS&CPS
CPS = contact photosensitive only; CS =
contact sensitive only; CS & CPS contact and
photocontact sensitive but with greater contact
photosensitivity.
TABLE 3
Cross-contact and photocontact sensitivity to TCC
and HEX in 58 patients with primary photo-
sensitivily to halo genated salicylanilides
or bithionol
Type of sensitivity
No. of reactions
HEX TCC
OPS 0 0
CS 9 2
CS&CPS 0 0
None 49 47
CS = contact sensitive only; CPS = contact
photosensitive only; CS & CPS = contact and
photocontact sensitive but with greater photo-
contact sensitivity.
both contact and photocontact sensitive to
HEX.
Similar tests for cross-contact and photo-
contact sensitivity to HEX were done in 6 ani-
mals previously photosensitized to TBS. One
guinea pig showed an equivocal photocross—
reaction to HEX.
Attempts to induce TCC contact photo-
sensitivity. No positive reactions were noted in
the presence or absence of light (>320 nm) in
any of the 15 guinea pigs that received nuchal
exposures to TCC plus light followed 3 weeks
later by challenge in the lumbar region with
TCC 1% solution plus light. Tests for cross-
reactions to TCC in 3 groups of 4 animals
each, with primary photosensitivity to TCSA,
TBS, or HEX, respectively, failed to show any
evidence of cross-contact or photocontact cross-
sensitivity.
TESTS IN MAN
Photosensitivity reactions in man*. The test-
ing procedures used for contact and photo-
sensitivity duplicated those described in detail
in previous publications (7, 8). It should be
noted that in place of the solutions used in our
experiments in guinea pigs, all test materials
used here were incorporated in a 1% concentra-
tion in petrolatum with the exception of TCSA
which was tested in 0.1% concentration (7).
Cross-contact and photocontact sensitivity to
HEX and TCC. Table 3 indicates that none of
the 58 patients with primary photosensitivity
to halogenated salicylanilides or bithionol stud-
ied to date showed cross-photocontact sensitiv-
ity to HEX or TCC. However, 2 of 49 patients
tested with TCC 1% in petrolatum had strong
reactions, both at the irradiated and non-
irradiated TCC test sites, indicating the ex-
istence of cross-contact sensitivity to TCC.
Nine of 58 patients tested with HEX 1% in
petrolatum showed responses of equal intensity
at the irradiated and non-irradiated sites. The
reactions ranged from 1 to 3+ with a mode of
2+. These responses were interpreted as in-
dicating cross-contact sensitivity to HEX.
DISCUSSION
The experimental data concerning HEX and
TCC contact and photocontact sensitivity in
guinea pigs presented in this study supplement
our previously reported experiments on de-
liberately induced photosensitivity to the
halogenated salicylanilides, TCSA and TBS, in
guinea pigs. Every attempt was made to keep
the sensitization and elicitation procedures
with TCC and HEX constant and similar to
those previously used with TCSA and TBS,
but it is fully appreciated that even compounds
with similar chemical structure vary widely in
their solubility in diverse solvents such as ace-
tone, olive oil and ethyl alcohol. It is also felt
that even if applied in equimolar concentra-
tions in the same vehicle, they still would vary
in their percutaneous absorption rate, protein
binding capacity and other important factors.
In addition, as previously discussed (15), these
* 32 of the 58 patients included in this group
have been previously reported. (7)
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compounds may undergo changes in molecular
stnieture following exposure to ultraviolet
radiation. Within the framework of all these
limitations it would appear that the ability of
the various compounds studied to engender
photosensitization in guinea pigs can be ranked
in the following order of decreasing effective-
ness: TCSA, TBS, HEX, and TCC. Indeed, no
photocontact sensitivity was induced in guinea
pigs exposed to TCC and the degree of photo-
sensitivity achieved with TCSA was definitely
of greater magnitude than that achieved with
TBS or HEX. Furthermore, the intensity of
the photocontact and cross-photocontact reac-
tions in animals sensitized to TCSA and TBS
was greater as evidenced by the fact that re-
actions could be elicited with a 0.1% test solu-
tion of each, whereas with HEX a 1.0% solu-
tion was required to elicit photocontact and
cross-photocontact reactions.
These findings confirm the work previously
reported by Vinson (6) who also noted TCSA
to be a most potent photosensitizer, while TCC
had no photosensitizing potential. In contrast
to his findings, however, we found that both
TBS and HEX have photosensitizing properties
in guinea pigs, although of lesser magnitude
than TCSA.
It is also our impression that when eryth-
rogeiiic (300 nm) radiation is used during
the sensitizing procedure together with longer
ultraviolet radiation (>320 nm) the incidence
of successful induction of photosensitization is
increased compared with exposure only to the
longer ultraviolet wavelengths (>320 nm). This
may be due to the cutaneous damage pro-
duced by the erythrogenic (300 nm) wave-
lengths which then permit increased per-
cutaneous absorption and greater accumulation
of serum proteins in the skin which, in turn,
may serve as carrier protein for the photo-
haptene. However, to elicit an already existing
photosensitivity, only energy in the long ultra-
violet range (>320 nm) is required since the
action spectrum of these compounds lies in that
range. These wavelengths are amply supplied
by the fluorescent "Black Light" tubes which
have their peak emission at 360 nm and emit
energy in a continuous spectrum between 320
and 450 nm.
Particular care was taken to prevent light
from reaching the sites tested for contact sen-
sitivity by inserting light opaque blotter paper
over the test materials. It must be noted,
however, that "masked" photopatch test reac-
tions were considered as a possible explanation
of the substantial incidence of contact sensitiv-
ity to HEX in the absence of deliberate light
exposure seen in our patients (16). It is possible
that light could have reached these sites for a
few seconds during the application of the test
substance and before the light-opaque blotting
paper was superimposed. This is not a likely
explanation for patients and experimental ani-
mals whose multiple patch tests for ordinary
contact sensitivity were negative, while one or
two others were positive with the same minimal
degree of light exposures. Also, if these were
"masked" photocontact reactions one might
have expected to see decidedly stronger reac-
tions at the deliberately irradiated sites than
at the corresponding sites which were only in-
advertently light-exposed for a few seconds. In
contrast, the irradiated and non-irradiated
sites were equally positive in numerous pa-
tients and animals.
Consequently, it is our opinion that there is
overwhelming evidence in favor of the existence
of contact sensitivity as well as photocontact
sensitivity to these compounds in man and
guinea pigs. However, in the future we expect
to use techniques for photo patch testing which
will conclusively rule out even the most mini-
mal degrees of light exposure.
Immunologically, the coexistence of contact
and photocontact sensitivity could be explained
by cross-reactions between two structurally
closely related antigens. The structural differ-
ence could be in the haptenic portion or in the
carrier component of the "full' antigens. An-
other possible explanation is that light facili-
tates hapten formation and/or coupling with
the carrier protein, thus engendering formation
of larger quantities of the full photoantigen.
An analysis of the 58 patients seen in our
department during the past 4 years with a
history and clinical changes of allergic contact
photosensitivity and positive photo tests to
halogenated salicylanilides or bithionol* (17)
showed 51 to be photosensitive to TCSA, 44 to
TBS, and none to HEX or TCC. Contact
* According to present FDA regulations, bithio-
nol no longer can be incorporated into drugs and
cosmetics (17). However, it may be several years
before preparations containing this agent have
been removed from all drug store and household
shelves.
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sensitivity in the absence of light was noted in
9 of 58 patients with HEX and in 2 of the 49
with TCC. We also have seen one patient with
a generalized eruption who was not included
in this series because of lack of any photo-
sensitivity, who had a 4+ patch test reaction
to HEX. Removal of this agent from his en-
vironment resulted in rapid improvement.
Do the results of our studies in guinea pigs
correlate with the observations in man in the
literature? We are aware of only one reported
case of primary photosensitivity to TCC (11)
and of 3 patients with multiple positive photo
patch tests, including TCC (9). Eleven patients
with positive photo patch tests to hexachloro-
phene have been reported by three authors (9,
11, 12). Each of these reports records the im-
pression that the incidence of hexachlorophene
photosensitivity is less than that due to the
halogenated salicylaniides. However, a S to
35% incidence of positive patch test reactions to
hexachlorophene in the absence of gross light
exposure has been observed in patients known
to be photosensitive to halogenated salicyl-
anilides (9, 14). These closed patch test find-
ings did not correlate clinically with distribu-
tion of lesions on the body. Closed patch test
reactions to TCC are exceedingly rare, only
two cases having been reported (6, 11).
It would therefore appear that photosensitiv-
ity to HEX does occur in man although with
considerably less frequency than photosensitiv-
ity to TCSA or TBS (9, 11, 12). Carbanilides
also may engender photosensitivity in very rare
instances (11, 12).
SUMMARY
Allergic contact photosensitivity to hexa-
chlorophene was deliberately induced in Hart-
ley strain albino guinea pigs. A comparison
with 3,3', 4', 5 tetrachlorosalicylanilide (TCSA)
and 3,4',5 tribromosalicylanilide (TBS) in-
duced photosensitivity in guinea pigs indicated
that hexachlorophene reactions are of a lesser
magnitude. Cross-contact sensitivity and pho-
tocontact sensitivity to hexachlorophene was
observed in guinea pigs with primary photo-
sensitivity to TCSA and TBS. No photo-
sensitivity to TCC was induced in guinea pigs.
Comparison of the experimental findings on
photosensitivity in guinea pigs with our own
clinical observations and reports in the litera-
ture on photosensitivity reactions in man to
halogenated salicylanilides, hexachlorophene and
trichlorocarbanilide indicate that, within the
limitations noted, the experimental guinea pig
system is a useful model for predicting the
relative photosensitizing potentials of these
agents in man.
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